Diurnal changes in glycogen stores of adipose tissues and in vitro lipolytic activity of isolated epididymal fat cells, and their lipolytic responsiveness to epinephrine and theophylline were examined in rats adapted to a 2-h daily meal feeding (20.00-22.00h; darkness between 20.00-08.00h) for 3 weeks and in control rats fed ad libitum. The fat cells from both groups of animals showed the peak of lipolytic activity at the mid-dark period (03.00h), but the peak values and the average values at 6 or 7 time points examined within the 24-h feeding cycle were significantly higher (p<0.025) in meal-fed rats. Basal, epinephrine-stimulated, and epinephrine-induced lipolysis of fat cells from control rats showed diurnal changes, and the rhythms and their amplitude were affected by meal feeding. Changes in lipolytic activity of fat cells did not seem to relate directly to those of glycogen stores in adipose tissue. The over-all 24-h means of lipolytic activity of fat cells were significantly increased (p<0.001) with meal feeding. Mean cell size of epididymal fat pads was significantly smaller (p<0.001) in meal-fed rats, but lipolytic responsive ness to the graded concentrations of epinephrine and theophylline in the incubation medium was significantly greater (p<0.001) in meal-fed rats than in rats fed ad libitum. Thus, these findings suggest that lipolytic activity of the CAMP-hormone sensitive lipase system in fat cells might be increased with meal feeding in rats. Furthermore, the present results may give a new idea to consider the discrepancy that many workers have not been able to observe the increase in body fat deposition with meal feeding,
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The present report describes the diurnal changes of in vitro lipolytic activity of isolated epididymal fat cells from meal-fed rats. This study also deals with the effect of meal feeding on the lipolytic responsiveness of fat cells to epinephrine and theophylline as well as on the distribution of fat cell size . 
EXPERIMENTAL

RESULTS
Experiment 1
Food intake, weight gain, and liver and adipose tissue weight (Table 1) . Meal fed rats showed a weight loss during the first 6-day period of adaptation to meal feeding. Food intake and weight gain of meal-fed rats were considerably small throughout the 3-week feeding period, and the final body weight of meal-fed rats was significantly lower than that of rats fed ad libitum (p<0.001). Weight of liver and epididymal fat pads was also significantly lower in meal-fed rats (p<0.001).
Diurnal changes in serum glucose and FFA levels ( Fig. 1 , Table 2 ). Except for a sharp rise between 11.00 to 15.00h in meal-fed rats, the serum glucose of both groups of rats showed similar diurnal changes. But, the levels in meal-fed rats were lower than those in control rats throughout the 24-h feeding cycle, resulting in a significantly lower over-all 24-h mean in meal-fed rats (p<0.005). Serum FFA concentrations decreased sharply with feeding in meal-fed rats, and those of both groups showed similar rhythmicity with the bottom level at the mid-dark period. There was no significant difference in the over-all 24-h mean of serum FFA levels between the two groups of rats.
Diurnal changes in liver and adipose tissue glycogen contents (Fig. 2 , Table 2 ). Rats fed ad libitum did not show any significant changes in liver glycogen contents throughout the 24-h feeding cycle. Contrarily, in meal-fed rats, liver glycogen contents rapidly decreased during the 2-h meal feeding period, then increased and epinephrine-stimulated glycerol and FFA release by isolated fat cells was gen erally equal in each experimental group, but it was significantly different between ad libitum fed and meal-fed rats. Basal and epinephrine-stimulated glycerol release in fat cells from rats fed ad libitum was relatively high through the later half of the dark period to the earlier half of the light period. Contrarily, in fat cells from meal-fed rats basal and epinephrine-stimulated glycerol release showed a trough at 11.00h and a peak 1-h after the ending of the meal. The peak appeared follow ing a slight decline during the meal time and was followed by a large decline. Fat cells from both groups of rats showed similar diurnal changes in epinephrine-induced glycerol release. Basal glycerol release and epinephrine-stimulated glycerol and FFA release as well as epinephrine-induced glycerol release were considerably higher in fat cells from meal-fed rats at most of the time points indicated, resulting in the significantly greater over-all 24-h mean of any lipolytic parameter (p< 0.001) in fat cells from meal-fed rats than in those from rats fed ad libitum.
Experiment 2
Distribution of cell size of epididymal fat cells and their lipolytic responsiveness to epinephrine and theophylline (Fig. 4) . In experiment 1, rates of glycerol release Table 2 . Over-all 24-h means of serum glucose and FFA levels , liver and adipose tissue glycogen levels, and lipolytic activity of isolated epididymal fat cells in ad libitum fed and meal-fed rats (experiment 1). 
DISCUSSION
The present study clearly showed the lowered serum glucose levels in meal-fed rats, being not in accord with the result of Philippens et al . (16) that of Ip et al. (5) . This decrease with meal feeding has been due to either increased glucose tolerance (17) or elevated insulin sensitivity of peripheral tissues (18) (19) (20) . In ad libitum fed rats, serum glucose concentrations elevated during 15.00 to 19.00h but fell thereafter. We have previously observed a high food intake during the final 2-h of the light period in ad libitum fed rats (21) , which might stimulate insulin secretion and subsequently enhance serum glucose uptake by peripheral tissues. Leveille and Chakrabarty (2) and Philippens et al. (16) did not observe any decrease in liver glycogen store during meal feeding time. In contrast, we found a rapid disappearance of liver glycogen store in. meal-fed rats during the 2-h feeding. The similar reduction in liver glycogen store with meal feeding has been previously reported (22) (23) (24) (25) . A mobilization of liver glycogen for energy needed for diet induced thermogenesis (22, 26) or for protein synthesis (23) has been proposed as a possible mechanism responsible for this. Langhans et al. (27) have also recently reported a prandial hepatic glycogenolysis in rats and discussed its possible role in the production of meal ending satiety. Y As compared with rats fed ad libitum, the greater storage of glycogen in adipose tissues of meal-fed rats in this study is similar to the earlier results reported by Leveille and co-workers (2, 4, 28, 29) . Diurnal changes in glycogen store in epi didymal adipose tissue of meal-fed rats were also generally consistent with that reported by Leveille and Chakrabarty (2) and, furthermore, the rhythm coincided with that of the other three adipose tissues. In adipose tissue, inactivation of glycogen synthetase and activation of phosphorylase have been reported to be mediated with elevated cAMP levels (30) . Ip et al. (5) have reported that adipose tissue cAMP levels in meal-fed rats were extremely decreased with increases in food consumption. Thus, these might be partly responsible for the present observation that a significant increase in glycogen accumulation occurred in adipose tissues after meal ingestion.
This study presented the first observation for diurnal changes in lipolytic activity of isolated fat cells from rats fed ad libitum and meal-fed rats . Changes in amplitude and a shift of lipolytic activity peak occurred with meal feeding . FFA release, which might explain the discrepancy in fat cells from rats fed ad libitum in which the glycerol release was relatively high at 11.00h but FFA release was low. The diurnal changes in epinephrine-stimulated FFA release by fat cells were not in parallel with those in serum FFA concentrations in both groups of rats. At 03.00h, although FFA release rate was relatively high in both groups, serum FFA concentration was the lowest within the 24-h cycle. This might be related in part to decreased voluntary activity at this time point in rats either meal-fed or fed ad libitum (27) , providing lowered concentrations of serum lipolytic hormones and a subsequently decreased lipolysis in adipose tissues. However, some discrepancies between glycogen stores in adipose tissues, rates of FFA release by fat cells and serum FFA concentrations were not well explained. We showed clear evidences for the enhanced lipolytic activity of fat cells in meal-fed rats versus ad libitum fed rats over an almost 24-h feeding cycle. This finding supports that of Braun et al. (6) who have described a higher lipolytic response to epinephrine in the epididymal adipose tissue from 2-h meal-fed rats. The present study demonstrated that fat cells of meal-fed rats were able to respond at a significantly greater extent to lipolytic action of either epinephrine, an adenylate cyclase activator, or theophylline, a phosphodiesterase inhibitor, than those of rats fed ad libitum. This indicates that the fat cells of meal-fed rats could respond to upmost cAMP levels to a greater extent, as compared with those of rats fed ad libitum. Thus, metabolic activity of CAMP-hormone sensitive lipase system in fat cells might be significantly increased with meal feeding.
The lipolytic activity of fat cells from normal rats has been reported to elevate with increasing cell size (35, 36) or to not be influenced by cell size (37) . However, fat cells from cold-adapted (38) and exercise-trained (39, 40) rats have been indicated to exhibit a higher activity of epinephrine-stimulated lipolysis with decreasing cell size. In the present study, as previously observed by Braun et al. (7) , meal-fed rats contained smaller epididymal fat cells than ad libitum fed rats. Thus, fat cells of meal-fed rats in this study seemed to have similar cellularity and lipolytic function with those of cold-adapted and trained rats.
In conclusion, the present study clearly demonstrated that lipolytic activity of isolated fat cells from rats showed diurnal changes during the 24-h feeding cycle, and the rhythm and its amplitude were much influenced by feeding pattern. Furthermore, the lipolytic activity of fat cells was significantly increased by meal feeding 2-h per day. Thus, it could be said that meal feeding may enhance lipid metabolism of adipose tissue in rats, involving lipolysis as well as lipogenesis which has been frequently reported. This seems to give a new idea for realizing the discrepancy that, although the increased body fat accumulation in meal-fed rats has been reported by pioneer workers (41) (42) (43) in this interesting field of nutrition, many workers (20, (44) (45) (46) 
